PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 07-050586 
(43)Date of publication of application : 21.02.1995 



(51)Int.CI. 



K03H 7/00 
H03y 1/12 



(21 Application number : 04-266900 
(22)Date of filing : 10.09.1992 



(71) Applicant : 

(72) Inventor : 



AT & T CORP 
CHEN JUIN-HWEY 



(30)Priority 
Priority number : 



91 757168 Priority date : 10.09.1991 Priority country : US 



(54) LOW-DELAY CELP SPEECH ENCODING METHOD 

(57)Abstract: 

PURPOSE: To provide a low bit speed (generally, 8kbits/s) and low- 
delay digital encoder/decoder, based on code excited linear prediction 
for sound and similar signals. 

CONSTITUTION: This method is provided with backward adaptive 
control for the gain of a code book and parameters of a short-term 
synthesis filter, as well as forward adaptive control for the parameters of 
a long-term (long-pitch) synthesis filter. By efficient expansion and 
quantization with a small delay of a pitch parameter, only a general delay 
corresponding to only a part of delay in a conventional encoding system 
is allowed to obtain an equivalent sound quality at a lower bit rate. 
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A2jfl»©«#a* F 5 U I/-A£D 5 U g> 

WfB7 u-Ao«*ftsnfcA*m^*«jaKifiiHrs 

fi*M»K*f**-*-f >xy ^X^iffliE? U-A©«© 

««*fcCi:*W«fc-rs<BBiCELPtS»ft3EF*. 
•5 X r- v ^ tr c <h t T S W*3S l fB«©75 

So 

$08. 1 fBiffi©7Jfto 
#JH4iE&©7J*£. 

&mffimmz*iL, mv£Ati7u-i±tm9mffim^t 

m.mn*mffcttt#>\z, mm^m^mmim&f 

M&ntu&tttifz&M^iztt-rzm'm&vtfe-rzxT 
v 7h zmz-tz z t t-r zrn&m 1 B*©3f j*. 
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t-3i»*«7gB*St©7m 

ftSftTl>ftl>AA7l'-AflltCDLP C^tfrfrSfc-S 

[1*110] NS=10T*5etS!Hitt5^ 
*3K2IBi60^„ 

[»*S11] «HB©S»/l7^-3'JilBlX^y7 p 
*«, 

tfy^MW (SfcttlSKI) A7^-mtfNL>lft 
WLm<D7 4)V* •^77"OW7^-^SIMt 
5Xf7 ^**tTC t*4*«trs»*a 1 IB«CD73 

m 1 1 mmvttk. 
iztt-rzmtzzt-oi? • 

@3«©7jffio 
[ffltJfcJfl 1 4 ] ifflfEWBr 7s 7- v 7°W, 

fi«»fXT77't. 

Sffi©!7 1/— A*5j;^m^©^:K©ilHfi©7 V— A©& 
* tc^TSmIfB©^{iW^*iJ»r^#^Ta5S*-&. 
&<D7U— AH)mP^tlft^p7U— A©3?U©— SBTtt 
^ tWSffTSX^ y 7£ H i *«rafr*W 

*JS 1 3 13«©75^. 

[f»*JS 1 5 ] ffi&<D^ffimWi7s 7- y y'lfi. 
Xfi 7 U-A \z &2>m*lZ L * l^tt£5g:aT5 Xt- y :/ 
<h. 

^©ffllClS^-r-Slt^X^y^tCioT, A*7l^- 
5XT7 7'i. 

•5^ 1 OBfitO*fl:*«|fcr*^tt«l=. ^ffi©7 u- 




miRm 1 6 ] mts&mtmi&z J- y 

m&<D7 l/-A©II;fc<C#T3*;*:3£&3:WT£ Z.£fr 

infiB©^©^©^^ MBes^fitcD2%^@x.^ 

? y i r?<D?s!ffliztt-rz>mmt£? y ymzm&o 

nm<Dfs i & <fc£*!g 2 ©»B£o*fr3&««fc $ n-r. WfB 
©^ ^ i -zHD^mmo* y zfmtffifenm J; o 

1 5 iB«©7j}£o 

[ffi 1 7 ] lWfBS*Mlffi*/5£X T" y 7°&, 

ifilB©Sg l ©Br£©*#a«* flHE3£i|Mfi©#fl-*j@*.* 

[«;i<JS 1 8 ] WiEg*PM?BfiE7> x y 
S«E©7U-A©**fc»b. L#^Mf&©¥^£fli*fiSc 

fflH2©S5 1 OW5feO*fls38», B<If3»*Mt©¥#£i@*-3 

gut© 7 u— a ©«#£*#?- ajfcfc»&&^r-rs £ ta* 

iOTB©Sg 2 ©>*?£©*«=**. ffifl5£Z|Sfi<Z> 2 % £fi Afc 

idfB©m i $5j:os3g 2 o*frij««fc*ftf. «na©-tfa 

£te*#0r5£©ffi«fc9**ir>»&, itfJsB©?^©? V- 
&£<!:£W«£-r-5W*51 5 tB®©73 ifc, 
14lB«©7jfeo 
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m*S2 o] m^&my-o^izMT^y^mm 

Xts 7 V— A Cd^C L * L P C *ff O X r- v 7° 

mn<n m l p c 7 -r )v# mm &n o x t- * 7 1 . 
[w*j^2i] nne^iiffSfli^offneHRAt. Mine 
^affioj*ttWFifflottH»ctoit*i^iHianK**bTfTto 

2 0 JB«©73 J*o 

RFiB«ns89a3i^ra«ias*tflrrs«t-5Kwii!s-r*^7 i 

y7*i*<IAfc^a:*i»«t-rs»««2 1 iE*©:& 

So 

7U—A(C*fbTilS?t--2)-y-7X7 : --y7 p (C < i;-pT, jt© 
^Tfi^j:tf5/^^S:WTS*«!]©7l^-A»C*fTS 

hii© tr ^fflmmzmmTz z\t&< m&m 

^2 3IB«©73fc 
[|f*3S2 5] bf^^Mfflp 0 5:tt2.AA7l/-A 

$e>»c^-n^o 1 1 t©ra©$&fflfe:iE8iflrr£ 

VyT-mmp i **rr*A*7u- Acio'^tf-^ 
» -f^mmztt? z>mm? y 7*fi4^L« $ e, ^ 
ft*oti t©P5©$gffl{-iE^t;-r«>c:tJc«fcbT, fit 

W 1 NOTO N©m^©#J-&fC^Lt.^\ ^^tt^-n^ 
Kt--2>-y-7X^-y7t(CJ;oT. S3fBR»r«©^ffllC*-S. 




mms> 0©ffi£©|ir?i@£Df#£i^£fl?tNT£X5 i y 

a. 

im&m 2 6 ] mifB©m;£©#j£r^\ a« o . 4 1« 

Sift©? l^-AOA*«*A»6 tyfH*©* 1 ©Jf?£ 
iffllBOfcfy^flfflOfc 1 ©Ji5£ffi*jtL«>fc«:!H r 
A*:7U-A©«*©L2fcLPCfltfrSfSfTU ^8838 

cd wi$c©«M tf-^mtcct ox tf y^mm<z>& 2 ©jt 

fflffiBfg 2 CD tf y 5P«#ijf £ffi £ MfE© tf y ?mM<DM 1 

StSKtt, ^KMfBgm^lfiiSCQ©^©^©* 
CD 1 t?tc*Fft:-r*XT-ry T'i. 

«»atry^«»ic*fLT»Tfl:anfc*p*, p=r + 

© if y 5f ^©ffiws^^ffl^-^a^fc^reftjg 
fttWfy^*iA5Ci*»itt5tt«iSl HB 
*cD^ffi„ 

bWSXt- 

cD^fc 

[W*JS 2 9 ] HdfBcDffi;U-^ • tf y^W&Btitr 

buIBA^7 l/-A^^$nfcA*«$S^?>«^^nT 
MIBcDIfy^fficD^KDJtSffi^^CD 

ffitclS:^-r SiMiSXr y 7£ &tt Afc c £ *fft» 

t-r?.M*3S2 8ta«cD^fe 

vvf-mmam 1 ©«««&£ ^^©^a^ns® 

fflCDTK^e.^1 0 %<h 5 0%i<DM©ffi{C^T^X 
5 i y^*"&trJli:*»«i:-r*W*S2 9lB«(D^?i„ 
[W*3S3 1] H(IfBcDt!<y^M»/1^^-^^MI»^ 
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Mffi Aft 7 A < ^Sll^ffl ^TMIB© tf y 5F/1 

W<D^ 1 CDjt^ffl^^T^X^-y ^i. 

2CD«^«I^fi)cTSX^yy<i:, 

hUsbcd^ i ijcttfsg 2 o«tjgfflcDia<osi*«-riiE«^* 
nw-^s^-rsfc*^, Mi3cDMcDfit^@^^nfci« 

«m©^ u—Af:*fr-5 i ?a!jffl©ffl^a?.-&sx5 : -y ^ 

AW 7 X TUffi L fcfit£4-x. 5 fc * . iW §B©ii 6 itfe 

^»tf y^HJWW^s^is-rsfcdfc, fjsB©as^n 

fcfcTy*- • AW7Xte£MiB©*#^iHl5bfcttfCira 
&Z>7,7-y7°£Zffiz.fcZ\£$:¥rm£-?Z,m&m3 1 IB 

cif*3S3 3] 5tLss> encase yfi^f^r^it 
© k , waao^aj $ n£ t° ? ^ x t- * 

ft. 

[WJJ8K3 4] mFf3©S»3A^^-^SWX^yy 
WIE©A*«^©Xk-A^> 3«»Sftfcfll«*&3fc 

A^{H^©^S©ffltCfe#L7i(,i@^$tlfcR)T 

^©finciWtBx^;^ • a'7^-^5^t§xt7^ 

5-&^Ct&#ma:i-^»*JSl 3fB«©^ffi„ 
[W*)S3 5] WsawSffiA^^-^MWX^yy 

SftlB©tfy^»3A7^-^Sr, 3e^Snfcffl«R*$tJ 

xt) ? v- a tc*fTs tf y ^w©M©^aj a tts® a 

©TPfi^e>^]l 0 %t5 0 %i©W©ffifC^-r-5X5 : - 
[lf*3K3 6] 8WB©A*m*©7U-A««. 

[0 0 0 1] 

[£!8±©f!lffl#»] *^BJ«. eii*JJ:0:iBtS©fe© 

mm*-o&mzn*k-?%r£tbizi£izift>nz>u^<Dftm 




(CRTS. 
[0 0 0 2] 

[«E#©ft«] «IHillltOIHT*J»roffl«*fTo>t0. 

it. *<D&?tm^mmmnittt<Dm\,*&n&mz 

-5= Sgfcffljfcfctt, ft#3 2+Dk'7h (k 

bit/s. £U« Tkbpsj tfB-T) ©iiJ^TfSSrTS^ 
^Jl^^lc£oT#^*$tt£t> ©&&£<, #Jift, IB 

[0 0 0 3] ifa«E«ffl*nTV»**t>— 
Hf§LT«Sl»^»I«F#fl3&iCtbT«*n©t>©T*-6. 

(CELP=code excited linear prediction) fa^-ft 
iLTMaot)Od«. ifi*^<©aS£jfta6T^-5. c 

HTT-5 I EEEI^i (IEEE Int.Conf.Acoust.,Spee 
ch. Signal Processing) J ^#gp. 937-p. 940 (1 9 8 5 
m ©M. R. yal/-^- (Schroeder) *>,=ktfB. 
S. T9)V (Atal) K«t* rflreaSiBJB^SI — 
ICiS^fcfy hU— hTiSSH^ (Code Excited Linea 
r Prediction (CELP) :High-Qual i ty Speech at Very Lo 
w Bit Rates) J fC&£„ 
[0 0 0 4] M850*Sk:*<om«»C*ViTe^*«F# 

n-©l^£'>&< L-nifi'J >^l:*Wi3- • +r 
<Dmnw^r*)i<DX7—fflw<D&&-z&2>itib. mm 

[0 0 0 5] SftSt, 1 6 kbpst^tt-tn&TTtt 
^P&n&mi&LJ: 5 □ >y * ©#J&«S#£A* 

©^m> ^w, *fctt-y-y/^>r j oatBA«rt>fflT**«fc 

©— ;£ffl©£#«&flF#fl3iffitt. — «K*5)5 0 7SS6 
OmsTSS. WWi. £©=fc"5&fi^ji5fitt. #<©ffl 

[0 0 0 6] siB*q»o^;i— T'ti. *ifi©@^^ l 6 
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kbps©#J*flF^b©ifc#>©<BBEC E L PflFM:©H 

etc^sr-a-to-a-T^s. ccitt (H^mfswe^ 

ffl£JI£) W?t>f)V—Zfm II©1988*6J3©16 
kbps*J*^fcfclirr*#8^;P-:7©#!tiayB (# 
»lj&»53fcfHJ/XV) (CCITT Study Group XVIII, T 
erms of reference of the ad hoc group on 16 kbit/s 
speech coding (Annex lto Question U/XV)) 5r#Hgti: 
i. CCI TTffl^k-^CJ:5T«t5ft&ft#T 
it. ^tlStt2ms $;ggi:L5ms &S*.Ttt& 
f.^^il^utT-S.ofc. ^©CC I TT(Cck0^i± 

&n&!iMK:*rrs»ftiRwu 09*.tf#:©:£ttf;:*s. 

riEEEW$SIfl^^i (Proc. IEEE Global Co 
mmun. Conf.) J p. 1237-p. 1241 (1 9 8 9^1 lfl) CD 
J. H. (Chen) iz£2> r l 6 kbps©jS3t&ig; 

lICELPf^fS (A robust low-delay CELP sp 
eechcoder at 16 kbit/s) J , t^W. aP>. fS^-^S 
CHt5 I EEEllS^ij p.453-p.456 ( 1 9 9 
0*4£) ©J. H. ^ai> (Chen) lC«fc3 r— ^ft© 
aj£rt*2ms£HT©»fiJll 6 kbps#*flF*ffc (High- 
quality 16 kbit/s speech coding with a one-way del 
ay less than 2ms) j , fecfctK ^9. "aP. ft^MS 
izm?2> I E E EH^#ll#|gj p. 181-p. 184 (19 9 
0*4,3) ©J. H. (Chen) , M. J . 

i— (Melchner) R. V. n-y^X (Cox) ^.fctfD. 
O. -fc^ti— (Bowker) r l 6 kbpsffiilMC E 

LP#jSft^§©||p^f!,f£ (Real-time implement ion 
of a 16 kbit/s low-delay CELP speech coder) J „ 
[0 0 0 7] CC1TTI1 $<?>{;:— ^jt&T 8 

Mi^iwsn?.^ co»&. — :£i*)©jBffi©& 
[0008] 8kb P s©*-&, i&mmr^m^mis.f 

Z>Z\titl 6 k bps ©«■&<£ 9 Mi Lt*. ifttt, — gBlc 

t-y-©yi^>f^7 • ;i/tt (Prentice-Hall) 
(1 9 8 4*) 5fifT©N. S. -»f7>h (Jayant) 

is^t^p. ;)\< (Noli) ic<t-5 f&i&a 1 ?*?* j\a&Wl 

(Digital Coding of Waveforms) J £ 
8 kbpsTtfr^t£n;fc#J*©^ft^fl3i#U 
OW*i«H©T. &J5MB>ifil 6 kbps©«^=kO#3S 

[0 0 0 9] CC I TTIC«ttjT3B*$nfc8 kbpsffi 

®M^i§©sije©mif3tt, ^©ieicw-r^5:ij(«% 

(Moriya) ^\ %ISB-|§©®aicMT^ffl^Bi©li* 
@ (1990*1 1H) © ra>x^->a^-;P • tf>y^=- 
^«lcSo'<cp^S©a®©8 kbps#]*l9F^» (Mediu 




m-delay 8 kbit/s speech coder based on conditional 
pitch prediction) j (C&^T. ^JxJimffB© 1 9 8 
9^©^x><DH:£KiSl>TiE&£ftTV>5 1 6 k bps 

(D&mmc e l v^mtoWsmfettizm-iKwrnft 

mi 0ms©8 kbpsCELPW=^«*auei/fc. 
JCctn«. £©8 kbpsft^3g©ffiig«, MIBCD->a.P 
-^-^.ttfT'^HCiS 1 9 8 5 *£©!&;£. *><fctf 

r^P, #R m^Sf'S-r-S I EEEBIKdtt&tt 
p. 1650-p. 1654 (1 9 8 7¥) ©P. — > (Kroon) 
£<J;tfB. S. 7$)V (Atal) KJcS U. 8 kbpsC 
ELPf&^&©£#©S : f<fc;¥JiS (Quantization proce 
dure for 4.8 kbps CELP coders) J {CfeizE£nT<^S 
ffl#© 8 k bps C E L PflM§-g§£±[§IS tH^tlT^ 

8 kbpsCELP«kD«6$W&S«fc'5K:&*. 
[0 0 10] tiJirWflFWett. «ajK8ey^O« 

(Wie©^oc>JCJ;S 19 8 9 

[0 0 11] 

-5= ak^Mfci^TfflaSnit^tt, «©CELP 
©*-&£|B3fl©t>©T&S;^\ fi£3fe©CELP©0iau 

So S&fc, ^rj|O«HMW01l— OT'^JMI^aa 

(DSP) ^y^fcffSLo^TS^TSS.fcSk:, 
#5S9JTtt, t^©^©Jfc«IS©*<SlHHBL-TV\ 
So #fgHJ©&^M3«fctf&^©7jl££J8v> 

[0 0 12] 

[IWH&Wft-rSfci&O^ai iwffi©iSSJ&«. CELP 
So HM^JTtt. AjB$HtB?«J:tfS*l (LPC) ^ 

©il^lsa^fc*^) . Lt^U £©2SW0!lTtt. <fc 

Difist^if^afi*5j:^-v^;i/ • x^-tc^-rsioffi 
-r^TBfj^tc3te.ns. 
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[0 0 13] #|Sft©JfcSWfcl^«Ktf*Jfc^Sn 

* i*©*!* WKffifS b 2 SUSIES: 3 —\ t Zfyt?$£ 

SE(Cotrj«/h(cbJ;5i:TSZ:t?r*i*TSo £©7j?£ 

16 dB) jflvp^**^ • X^-tc*fLTjS3t 

&5t£fts= 

[0 0 14] itfjj£© 1 6 kbpsfi»Jg«F#8§Tffiffl*n 

rz'&mmmfoiz. *&w<Dtstw<Dtztb<DmMm\z&\,* 

ttK^TttfflSn&l 5 7}S3 0ms KJfc«LT/J»S 
V^lPi m&2. 5 75S4. 0ms) Stt7 

[0015] jftsw&*ifi«Kwr*«To»iii3te»iw 
-~>ifm\z^-Dxmm^ntz^ v)v\z&.*m&zi— 
[ooi6] ^p&m&z t>\zm&z>tzit>\z. #fSBji£ 

Vy*)V—7iz&y->& • / wt7«©J. h. ^x> 
(CJ;S«±fSi35: r^aag©^ h;u»^k(c»oXffi; 
k*y h • I/— hf-fiiJ£F-^fb (Low-bit-rate predictive 
coding of speech waveforms based on vector quant iz 
ation) j lzi&mznrz±,<D £SHK©fc©) ^*fij(c^ 

^f^ffl-rs^WfUTa&S c td^^S. 
[0 0 17] 

a*OCELPflF^«©«H*fB*KBlWrs. 
(SPStfeJctf^X^A©!^^) ^WCioT^-x. 
&n**r«Mlll*Bl9!U *»(c, #589§©-*l!«fci}liJH 

m<nmmm?tmM\zwmTz>. 
[ooi8] itccELP awaei»?a) ©sa 

tufjrrst. HiocELPMsn eiie->-^->x 

K^y 9 1 0 0 «-&jpJ«IMai3K 10 5« 

saimmsi 1 o*3=tt>TOg§g^i 1 5*^6 

§§1 2 5*>S&*. S?>SIC*3ViTJ^»l©i:*3D> PTj 

n©^ffl'J3§^^ $ nfcH;i/- \zmfca nx^ s. 

[0 0 19] ft«i5J:tKS«|oM7^WOi«gi 




(Dmilffi. ilMEO^jsfcSJ'i*:*)*-?**. d©£-fiS£ft 
fcW^ftt, JtCiNSl 3 OK*HT. -mZTiSfMtm 
#©7U— A©»£TA*©«*£Jfc<ftS:tl5. -&^«t 
*stfltt*©B&fm. =i- F:7*y ^ l 0 0 KSsttSfibgv' 

&fc&Fh<Dffi<Dmnmzmmi,rc¥-i%2fmm (ms 

[0 0 2 0] *»mit|«tt. *-©£fc«1igj&»58*Sn;fc 

^■/©tf^^aij^fflv^n^^ t<o^ 
mmvtemmmt, p { (z) = /3 Z -pt&-s>. 

9*j-r^ibz>. mm^mm^ 2. 4kbps^fc«^-n 
OT©t7 f HTSjfrr&mo©L p c mm^m 
mmt) #^-yx<bmmt<nz><Dx\ LPc^wigt 

[gel] 

10 
5=1 

£*-r&i o^sjsgT&s. raje^ hjus^t (v 

Q) 3-F:7*y;7fc:tt, «$bvvRS©n— F^yi' • ^ 
9h)l (Bp-fen-F^^ FJ10 ©T-— yjU#iRs&<£*rr 
US. HRfc. 3— KM*, ■sjfigfc*^ U y e 
>^£WT5#^X&$oo*£sb£,, 
[0 0 2 1] S&£At¥tt£». 01©CELP^gg 

iz&^x. ar a - • yt-y-wi>y;w7 f • ^ 

l j7X07 F l/>f-fX • Jfr— JM±©L. R. 7t't (Ra 
biner) iicfctfR. W. (Schafer) \z£Z> 

[^fi§fflryi';HI (Digital Processing of Sp 
eech Signals) j (1 9 7 8¥) KflEBtSftT^SSfB 
©i^^aj^W (LPCM) £A73ff^lC*rLT*i9!J 

fi©#!7 U— A«— mz 1 5 715 3 0ms ©A$T& 

*) tttw^k-r*. usswKitsnfcLPc/* 
?x-i?&mm<Dm)\'-zf<DM-(!m : ¥-itt2>o miX- 
it. L P C»*f6itftf MS* 1 4 0 CioTSL 

[0 0 2 2] 01(C<t^)^ipW^CELP^{t;{C*3^ 
Xit. #«J*:7lx— A£*©7U— Art«T475S8m 
s ©KBaT^-rs®2f>«r-&tJtKo^©^Lli«$© 

z\t.-tm-oiz. m^tztiftL pc/^7/- a 
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©MAi^isns. ftT, s-y-y7i/-A(c*fu 

T, 1 y y*© b? y y^Wffi©/* Jk- ^fi 

\f.y^mm<D^vZf\^ 3*fcfcfc4fcTy Ffc* 
^fb$n«>. *tc. fsbgVQ3 — F^y i7©'t'©*S© 
a-H^h;k *5j;tfs&©fij»£, ^>(i0ffl;P-7° 

m^mz^X^ZfyV— K\Ztt\^X7-< 1 5 5 

£ (MS E) Si^l 5 OtCioT^-T^o 

[0 0 2 3] #1*:7*:7U— A©S ; ^■{fc;LPCA•y;* — 
^y- f;p«, 0 1 ©iW§/v;i/^:7>d7tj- 1 6 o \z£ 

7t. tfy hKWF^tanx. fflfcfcfy F • X FU-A 

[0 0 2 4] 0 2{C^LfeCELP«^g|«. 
U—J±mz'^-?2>o IEl2H*3ViTB^2 0 OT^bfe 
«fc 5 \z. £©«F WCtt. tfy F • X F >J— A 

(f7^f7"l/yX) l/T, 
tfy5P^«'l3§Ay*-y\ 3pJ», ^«t^S(|®3— F^# 
hJl^tt^TS. mz. ^yyU-HzMVX^)l 
^y°VO*r2 0 0{C=toT8ft3'J$tlfcS!)ig3-F^ h 
spJ»KsR2 1 5(C*5^-5^-r*?iJf#H^tcJ;o 

(mm^mm2 2 o*«fcom*i»2 2 5 *>£&•&) 
tfrnmsfc? j (.mm^mm2 3 o&^zmfo^ 

[0 0 2 5] aW6««7-f Jl/^tt, ^JA« r##, § 
7*f. ISffflllcBt* I EEEffl^alJ #1ASSP 
-2 9 (5) ©p. 1062-p. 1066 (1 9 8 7^10^) © 
J. H. ^a:> (Chen) fecfctfA. tf—>>3'y (Gerch 
o) fC^-S ri^§7>i'MS;ffl^fc4 8 0 0 0 b p 
sTB^f^ F;i/APC#^^-'ft: (Real-time ve 
ctor APC speech coding at 48000 bps with adaptive 
postfiltering) J fC:^Tj|fg£ft;fc«^©fc©T& 

izmmznz. 

[0 0 2 6] M82©«k3»C. LPC/1y^-37«. CE 

LP«F^»»c«t^T, A**j»^6ifi[f'*?Ean» b;p 
-y^wtan***, hfy^aigg, mm. &&zfm& 
it. -r^xm)v-ymFf-it\z^x^&t^>o cm?.© 
-r^T©/iy^-^«. m^t^nxcELPmn^iz 

[0 0 2 7] f£fc'-y F • V- hj5jiM©^51lEMM± 
gij (CELP) ©W& 

(ld-celp) $m®&£xfi&^<Dmffim<DMm 
^n^en^skTo ^a:±. c:©*sg^j«. 8kbpsLD 

-CEL P©->X^A<h7jfttcH8T^)CC I TT©W5^ 
»C*W*«ei&W«©ja*»6»lWr*. L^b. CZ.X 




[0 0 2 8] H3(C*3^T. A*3 6 5llin5^J: 
Z hfr^m&Zl-F-y-y? 3 0 0^e>fiJ#iHSg§3 0 5 

^-a-^dttc^^T^-r-s^^i. Jt^g§3 4i 

3 * y 7© tf y *TOH§*» tf y ^«HB©*AB 

g§3 2 5 SrWTSJSajp— ^»C*3ttS 1 0^-v^©jg^ 
MLPCfWIS 2 OSr^tT. g$3 2 8TS^n^ 

[0 0 2 9] 3-F:7"y£ • ^ h;HCjfe4-TS¥*%2* 

stsfesn*. try^jB»3 i o K*jnTtt*K3rrs 
fc* $ ns tf *j ^w&n 5 * a 
jis3 4 2»^viT*asns. nntcov^Tti, $^tc 

PfflfC^-T^). B3fc*Ufc<£iB5lECELPflFWZ> 

< ~z>framm** ^z-A-Kmmt* t t*>\zw zwzu 

[0 0 3 0] m4\Z7jkLtz1SMmCELPftm®<DmM 
Wit, H3 0^KS«<Z»«F^«fC*HxT. ffi^W^Tf^ 
AITS. SSKJittWKW:. AA4 0 5TSi-Sn^A 
tlif-y F • 7. hU-Att. 0 0 IC43^T^ • 9t 

F y y ^ 4 1 0 {;:-§• x. 3 tf y ^»J2§© ^ y 
±y: tf y fe 3 9 y :7°© e y y^Mffi 4 2 0 <h 

jgJC5^«7^-Jl/^ • 7^-4 4 0©;fc«>©»«:7W 

JCfcntf, Ii7^M4 4 5(t Sfl8*J:l«iMiO» 

5 £iliB&. ta* 4 5 0 cins, 

[0 0 3 1] BI4K*W-*»^S«, fe<*0§§4 3 

5 <5r<i^fc!l§3tJl/-7 f JC*5^T«^$n^cL P CfUffi 

4 3 0 (HKKtt, 1 OfyZf^MW 

4 3 8 fCJ:5&?jjgj£L P C»«f*fflV»T. ff 
[0 0 3 2] Hl*«ktf2fcM*Lfc(je*OCELP«F 
^»KWr*£U:©K19iia»5. — tttCflBfeOCELPf? 
^g§«> SJS&ckOW©^^©^, ebig?ij#fft 
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m^^^xD^x-mm^nx^^cc I TTl 6 k 
T^To^mmizWjmfo&m ^zz.nz&-? xmn 

(S^ns^t^bTUi), Z.*lt><D 1 6 kbps{£ji 
[0 0 3 3] LfrLfcatS, 03> 4A»5^*«fc5 

««. tf y y^ws/s y tmm^- 
t> izmZ'&m&te ^z.t nfiftfr o tzo 

[0 0 3 4] ffi*©CELP, 1 6 kbpsfl&iMCEL 
P*5«kz>'*^0Jt'J:«)iSjilMC EL Pfflli-^ffi*i;l 

[0 0 3 5] LPCfi 

1 0ms Sfc«-^nWT©-7J|S]^ 

^biffiaE*3Sj«-rsfc»K:» celp«f^««. 3 7iM 

4ms, gp*.8 kHz©«*'fb3l«Ttt2 47iS3 2<D 
fpS*i0^7l/-A-A7 7r •tf'-1'X*t* 

*7SP^I*LT, 2^©8 kbpsLD-CELPTJPrf 
UXA^X.fcui»^tli5. SIO^TB, 3 
2^* (4ms) ©7l/-A-t'fXT*il5l0msO- 
TjlSlilMT^ofc^, ^2©^T'«. 2 0f* (2. 5 
ms) ©71^— A • +K XT^)7ms©aM"ra5-s>fc,, 
[0 0 3 6] 8kbpsS7c«, 1 M&fotz 0 1 tfy FT 
tt> =&7 U-AT^n«>©tt. 2 0t&(t 3 2t*y 

fc«S> (C «a®^^bX- 1* y F ©*g&#£fig 5 C <h ifl 
ISTibSfc*, L PCA5/- ^43j;t/tfy^ • /^y 

b*y F^^nT^/it^tfr^t-S, 
[0 0 3 7] 8£oT, iSMMii^oMm 

• •y-'f x©$ij*u) a^^>©t. miai©5 : -x>(ci^) 1 9 

TL P C^ffli]i§©«ic^3g«f-r^ Z. 
d©J:-5fc£LPC/1y^— ^©^7JjgJC«. LPC/ty 
^-^*aH*KmSTSfe*©fcfy F2Sfe£&g£Lfc 

»Xfc*l»T, *M<h««A^^fc©©. -SB^TJ, - 
»fflDSFaUS»iBJ&*. LPC/^y^-^rt^bOfcftCai 

[0 0 3 8] 1 6 kbpsffiBffiSELD-CELPTfiJffl* 
n^^7j)iJSLPCny^-^©7J&«, ^^<#i^ 




£nTV>5©T, 8 kbpsTfiJffl-T^>^:i*H, 1 6 kbps 
L D - C E L P T;Prf U XAfC*3^Tf Uffl $n-5/N°^ ^ 

zr&nvmmz&^T tr y ^wssfijffl-r* £ £©« 

KfcfUj&tt. 1 6kbpsfflBiffiteK:fe^TfiJjaSft.&S 
«S3&«, -flg«J ictfefe© 5 0^7 7°<D L P C^«« 
6 * 6 \zmmt. C^SHB^tfBSflST? 

[0 0 3 9] 03. 4fc*tt*«£T?fiJffl3ft*itt9J© 

&t dsp 3 zc^^jimn^m^-y/^mm-r^ 

r^S, fpj», fc^fflSKWr* I EEEiK^ 
$gj p.453-p.456 (1 9 9 0^4/3) © J . H. ^x> 
trck^) r2ms£TF©i«flRl 6 kbps fitffcNF4fc J * 

st«»,ASSP-29(5)j p. 1062-p. 1066 (1 9 8 1^10 

ot. p. A*->C7x;kino rLPC^WcDee, 
£H*s-f s±ii^ r^#, mm&mzmrz i e 

EEH^#ii^|gj p.21-p.24 (1 9 9 l¥5fl) © 
J. H. ^x>> Y. C. »J> (Lin) i:R. V. 3 
y^X (Cox) 09 rH^/hSbSl 6 kbpsLD-CE 

l p Tji/^fu xaj »=8a5Esn«:a*i©fflriHS*jpijffl-r 
*#]£:&* mmmoigmmz* * 

[R2] 

1 

[1 - ctz" 1 ] 2 

1 - P 2 (z/0.< 

W(z) = -=- - 

1 - P 2 (z/0.< 

©»©eiMI*£fc*. ddT, P 2 (z) ttlO*© 

[0 0 4 3] LPC^ffl'Jggte. ifft^nt^&^A* 
L 7 V— l±mz L P C ##r£||SET& H £ (C J; 
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«o*«lKifi^<fct3nT, sg© rjgj tt«fc0fi<& 
[0 0 4 0] «#3ffcLPC#«©fc«>©38JB:Rtt. # 

= 0. 9 6tV»5tt«. IDk-APCm 16kbp 
sLD-CELP»fS, *«fc^<©iSSt«©j£:ffl{3 

<K^^.-5 r*oSi»j ^££-f5 £©£ 

[0041] mmm<omim&ifi* «e©*6*o^6«h 

!8:©ffi;WE-©g;*:ffi© 1 0 T©B#WfflfiSt IT 

Jt«$n£*-&, a = 0. 9 6©tfS£tti. 3. 5ms 

#0. 9 6 i:0. 9 7 0FlffltTii It, 10*LP 

c ^ffiij l -o t* fe \m)v- zf^mmntm ■=> , 

\sfr\sKifie>. a**0. 9 6©R#, fo\foi&ifiMMk. 
&S. a£0. 9 Q\zMlK\Z J £Z>Z.t.\Z&K>. Sgfcf-? 
\tm 1 3 m s K&g£^;L, 6 1msl:)| 

5. foT, <* = 0. 9 6©7kof£<A^t>&<, a = 
0 . 9 9 TOfJSfiROfiTtift^ a = 0 . 9 8 5.tt. 
fi^SMTJ&SCtW^t, a=0. 9 8 5©* 

40msT&-5>„ 
[0 0 4 2] ttftf)ffii7^;^ 
0 3. 4©tftHJ©fc*©8 kbpsLD-CEL P^litT 
«Lmt<tl&*a1tM7j 5fctC3lfflLAc^x>© 
Sj;£fCf2j$£:taT^-5. 1 6 kbpsLD-CELPT&ffl 

$nfct>©<h<tffP-&{ct>isiDTSSo cnu, 

[S3] 



(1) 

[0044] «7jLPc^tff^e.#e,nsLPc^siji§ 

©T»fB-&T*>-5>« dfttt, «^TLPC»W3&*. 8kbp 
sLD-CELP»^t^fcStJS, «F^ftS©fc» 

iiT«t>n*»jiE«H«fa7w;i/5'*»«>^Ktt)a:v^ «> 




[0 0 4 5] n^^m 
fc{gt*<yhU— h 8 kbps) LD-CELP 

tC 6 ©«§igCD fcf >y ^ {CMS LfcttM6©«« tfPffl 
[0 04 6] «Jftj3«fctfl»»g 

0 3 © tr v 3 1 0 ©-^©mss^-m. 

«, ft^MiUcMT-S I EEEBR&lggftU p. 

243-P.246 (1 9 8 8*4^) ©V. -fx>#— (Iyeng 
ar) tP. ^JA*;P (Kabal) tCJ:£ r{gj§5f l 6 kbps^ 

fc^^WIB*Wf«Jfc«£fflLT s feJ:^. L2>>U [IE 

e Ei&msmm^m^m p. 1247-p. 1252 ( 1 9 8 9^ 

1 IE) ©R. ^7-y(if)V— (Pettigrew) tV. >7— 
K— V> (Cuperman) r 1 6 kbps^CDiSjgM 

•/t7*-**W«fi£-r*;i4:T. 3 * y T^iglS tf 
y^WffiSflEiEfS^WfiJT** (4#K^*;i/ • 

T, *Ctt©^©»«; D D pMttVK Zfr&MZntctf. m 
[0 0 4 7] 03{CfcltStf^^S!|gg3 1 0<D>b? 1 

ic — fflttw^iciiis^bans. £©& 

[0 0 4 8] 0 3cOiKBJ©fc*©«jgfCi3^^>b;y^ 
1 O©#£L^S60t|tt> 5££&i»#jgJStfy?- 

[0049] £ © J; 5 fc^£fifcfraD6 tf y y^ffl93§©SiS 
1 ©^{Cfc^T, 3^^^- tfy^«»tt, 7t'7 

h ics^-^oM^k^ns tf 5/ & £zt 5 75s 

6 tfy htC«^b^n-5 3^yy©ffl;l/— y • ^ HI/ 

M6dB) ^aifc-r*. cnn wj£©^sfcttas«- 

W«:S0&ja6«ai«t0t). ^**JMRBK:**LT. <fc D 
iS3t& *>©!:&&<, b^L«t*«6, 2 0ffc[J32©i 
*©ict$ffl7l/-AT(l §71/-AC3ttLT, 2 0 
*&tt3 2ty HUfrfiJ/HTSftlri. 2 0«l#© 

7l/-AOi^, tyf^ai«»Cl 2 7JS1 3 CD tf y h 

tr y h ot>m t>u<ts.z. z\v>&o\z\Ly ^mmoti 
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[0 0 5 0] 03, 4<Z)3IJ£^JTtt, A • 

aJWraflSflHStt. tfy^Jl$<W^fcU-h£M4>£i* 

7?£& 

2. ^*fcttfc*««j&>&«J*««fcgfeSIR5f, tfy 

3. »7tr««lc4JViTa5V^«l!pJ»*i(lt«frs*fe 

[0 0 5 1] cnSOWJBtt, ery5=-ffl»»c*r-r**«i 
»»-r<5fc«&K. ^^^;^M(^-r*^©77S©wtt 

[0 0 5 2] Sit, mrnKDyU-AWy^mMfr 
^©^l^-AWtfy^JlffiSr^aST-SfeJ&fC, ¥ 

fc^wsstes j; o a»^wi4*^#e»ns. r y 

[0053] m2iz. try^WBja, gafiE©7i/-A 
**a*# ^f©»^«* t * ^> t«m £ nfc t * tcpi^ 

*j*n?tt&tr> (ttxii *«©M*ifettX©m©*R?f 

SfcttSI^©^!!) 03, 4©3^->y-tf 

9 9^«li3 1 0«, #lt£ft, 'J-fey N^n«.„ 7k 

^n«, ? j r^;^M©x4*^.»:na 1 ifs<efc>-g> 

[0 0 5 4] ^3lC, *^BJ©»^ L^iSg^tCcfcStf 

3 1 o t«, mmizm-rz i e e ei^ 

m^Mi P. 1 128— P. 1 132 (1 9 8 7^6fl) ©J. R. 
B. "r^)lt! (De Marca) tN. S. -7i-ft>h (Ja 
yant) r 2 ft-f >5 :r y ^X*#*7C*F^b«©3 

— h;HcfiJ0^T^>T;l/3*UXAj *>J;Z>* rxl/ 
i7 bP-?Xl^— 23 (12) J P. 654-P.656 (1 9 8 7^ 
6E) ©K. A. -fc?#— (Zeger) *5«t^A. 13— ->a 
(Gersho) {CJ;^> h^S^tfCfc^SIf P^Sfl© 

wmt&m^z. z\(D&?tsm&#v-nmui l z. mm 

[0 0 5 5] mp^t^\zm.%<r>yu-^i^yv- 




(11) 



&*. MPS. ItlZM&Oy U—A<D My fWHOii 

©$S£i9©c:©J;5&bfy^fl2«. M'>U 7i/-i 
fUJ^W^fclPtigtc tot, ftftft bf ^^kUfflilfc 

[0056] Myrmm-zoMmtemtizjm-tzmm 

&fo±2l£2>fz#>\zm2>&2<DZ9-v7*iZ, MyT-mM 
<Dyls-&m : ?mWm<Dtctt>\Z4\iy ha^bSKiJVi 
TA#&^{ffl©l/^JP£&5£<hT&-2>o -2 0, - 
6, -5, -4, . . . , 4, 5, 6, 2 0i:fiitl. 

fefcttfrtt. I^i5<tO!Sf7 U— A©IW© 5 0 «#© 
My3-/W77><Dffl$ftmk<DlZtt>\Z, 1 6#S©1/^ 

;i/3fl««ton*. -20*6+20 ©^s&fc^ft*© 

fflillCii^TS^iSrBj^fcL. - 6 6 £T©J: 

tbfcKy^3E<b»Ciifle-r*c:t*nIffiK-r*. 16« 
BCD r*6Mj a^tS©U^;H:«t0, Sffi©7l/-A 
nfcfc©Ttt&<^ 3 i: 

s^tjitpj^t^o, sfc. '&&<D^wmmm7&\zi5 

[0 0 5 7] 5 0«*lfy^OA'f 7X©*A*«t^ 
tft^HlOKfti 1/^©* ijffl led; o , ^«i«©$j 
e6tC*3t^T^-r*2 7I;S3©7W-A CTfcifoS, *tJ 5 
71112ms) d*, ^F^btf-y^WfCii^T, mm<D 

¥y?-mm\zm$tTz>rz#>\z. -f&mzmxztizzt 

tfftfritz. 3nJ8©2 7153 7U-A©IHk tfyffM 

fgWjfSfcltii^T) i^tns. LfrLtetflb, A©S 
I4«<MMS©«*T? KM? ^ftS (C $> £ D *MRTttfc t » 

[0 0 5 8] »^^J»*£fifc*-*£V»3SS3©«JB 

^xm)i<-7°mT<t£:fto£oizffii&-f2,. zwmmz 
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A+J^ (HJl'-^tt) tc*o*<#7l/-AWlf 

jwsistis) . ifio7i/- A^t^Tss^-g-, e 

nmmmf)^y^mm<D±^t^it\zm^z\o t v 
T^^nt^-to w\>— 7°mFf-mz. a# 

tL¥y7mwzm^ttz.5t-rz>z£&wjW?ziijm& 

^tt8©*«fc:** &n*. £©« 

7i/-Ait z.<Dmm\zxz>tzib. ffl;p— ^a^btt, 

[0 0 5 9] 03, 4©CELP»^»*«tlfl|^«IC 

*v»Tffiffl-r*fc»K, *^©tf-v^sii§§ (^n© 
m^mmh^ts) ©#£ l vi*»«©36*jsa*ffl^ 
Lfe©-e, m&te&zfjsmcD&mimmz-z zizmmiz 

[0060] Mjp— ytf-y^aaiottm 
iiXT77"T(i i)H^ftTA*f e. e 7 f « 

»3£«ttiT3o ^ntCtt, @5©S^5 10rtT, 10 

jfcLPC3S»7^;i/^«iffl*ff^ LPc^aiaaE^* 

**^)„ 10*LPCf7^^O«H #7l^-A 
(C-PViT, aTftStlTV^VsA^SJfcKLPC^W* 
fT5«(cS«ran-5„ (^©(p|DLPC^W«> H3t 

tt. B^5 1 5rtTey^«»3*attl"rsaSi:«:S. 

[0 0 6 1] tfy^ttSTJl/rf'JXA©|gfh{C«, «T 
©2o©i|jS*ia&S. 

(1) tt#©fg$ia#« ife8 kbps LD-CELPff 

to 

(2) mtHZymtotoafl* m*>fr-v&z>z\£ cr&t) 
^hfy^wawan^vi) . *UTt7ff» 

(1) <DMfbteWfr-C$>2>o (2) Olfitt, 71/-i 

pmmz&\,*Tm*>MzmmisT\$ctb-cG%)t£ittf>-c 

[0 0 6 2] tf^^j*HiT;i/rfUXA«, ±IBO^lf^ 
(Rabiner) *3cfc^> x -f^ r (Schafer) 




(1 



^mjXAtjttsu ^moym^MLx^mmmm^ 

[oo6 3] ¥y^mm<D%smmt£&m\z. wtw^s 
mny^ )V^\z^.r>. i \tHzT{&i$.74 ii^zn. -z> 

l\ 5~3 5©B#P^W®tl (2 0~1 40 ¥y?mm\Z 

mm) zft-otzmmmtimm-zn. **©fflM£-^;L£ 
mnr&#isbt>nz>. z.<Dmmmmr\$4 mmrn^ 
mi&\z&tf2>mmx&2><Dx, zmtcftj&u &£©# 

[0 0 6 4] fc<hOI^Ffl^^^#«»fcJ6(c» #|JML 

p c ^Mmmm^^x, 4 z-3t4 z + 3 <Dmc> 
an«, pot^To z. 

#J;L«*©tfy^»375*3 0«f#©J»-£\ ± 
fBtf^^ffi^ffi«, 3 0, 6 0, 9 0, ttl:«12 

o^*^^2>^t^$ ( ^> 0 fflwtf-^i&ffi© 
st\ ©fit© tf ? ^m7;urf ij xa tc&a l 

fci!T*5. £©P^a©#iI©8?ft?£«, 2~3©t£ 

u^vT-mnvmz. w-mit&'troztx&z* l^l 

x^AaM£it*£-t±& as£©tt;*:«u «f 
fc*. -tni$>*.. mm^m^nnzim^y^mm^ 

[0 0 6 5] £©*&«:. e?f«II©IW!J«2 0-3 
ff5. e>y^Jl»3«a#2 0~1 4 O^tteSCDT, 

#J©jfi^JC&&/3>£*5^£^x-y^T£££T*£©tf 

[0 0 6 6] p«*itfT7U-A©e«y^-«»3fr*. 
±T» S nfcflMB© If y ^ JMIfitftl P 0««, P ■ (DT&m 

nmWM i =pH-6, pB- 
5, . . . , pB+5. pB+6©&*0*BiJ«fi«rt 

©fflM«a*. Msn4. i 3 0pjffi^B$maM«4" 
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[0 0 6 7] -Dg\z2-o<Dn°y?-mmmi8 (po, p d 

p"t^-To zin^-r^fcfeir, »i«B£©po*#£*o 

z>o tJ^T^-yxa^-tto-Kc^u^x^n^o ui2 
© tf ^mobm pncfez: ©awfcwfoft*. t> u p i 
»c*tr«>^-yya^po{'*frs^yxa^©o. 4 

««fc 9 V»& 6 fi. If! 2 ®{g*f P 1 If y ^tr 

jftftfona. -tnewTtt. ibio««po*«*»cd 
tf y ^wff tftton*. c © «t 5 fcTJuzt g XA«ajs 

S«*St5Ct)J%^. 0 5 ©gift 5 1 5»C«fcoT§ 
[0 0 6 8] ±B©IS5©R*5 1 5rtT»Sn&H;i/ 

-^itfifyfjwitt, S5©4tf-y h • uy^mmm 

¥HCM5 2 Ot'jg^n^. SP^LT, SfaM©pO^*5: 

Wtt^f fc©£LTB5©«J*7U-Alftttl»5 0 5 
tCS^5 1 5CJ;oTM$ni.. 

[0 0 6 9] %^71^-A^iaiii 
0 5©^7l/-A^ffig§5 0 5©B»tt, 

tc^fjsrs) ss?f*nfc7U-A©#aE*«iii-rsjit 

Z\0-T2>Z\tX\ J ttlt>5tP7l'-&\Zttl>. 
tfy^iBJSrONfCL, (*£^ (unvoiced) , *S#, *3 
«fct«iaE»307U-A*-&tt) ^^©T^T©*^ 
P (non-voiced) 7 V— A(C*tL^nSrO F F IzT-S d 
HT^n&M r#^7l/-A (no 
n-voicedframe) J ^7U-AiLT»ISn& 
Vi-T^TO^lz-A^r.-icftTSo «g!fl: 
tt!fo~$~Z> ^MP7U— A (unvoiced frame) J iitttK 
ttgftoIHS. ±:ia©5tf^- (Rabiner) 
x<77 (Schafer) ©#tM$ietlfc^. 

[0 0 7 0] ^98^V>bM«7U— AOIH1. tf-y^ 
M'l^rOF FtCLTt>^cA/6 eD»*ttttl)6fiT* i>tc 6 S 

u— A©tf ^^jB'jy-r >«. <»:©^ o fcjfiv^e>T 

n^V^o t^5©«. e7ffi^T«)7l/-AT 
^ffl$nfcB#lcfc, CELPU^IBJlffCfHftrs* 
e.-ca&^>. — 7j, fi^©W^-fe^>h©4 I ^T. f£P 

7u-A**5fi7»tbT«««-r*t, *^a***r* 

[0 0 7 1] ^^7U-A©^mi^o^T«. lU&Mft 



mvtmmzftr>x) fiwshs. *>ls-:71x-a 

jRWKttSfeftTffiJiT**. -£-©«fc5fc:7U-ATfcf 

yffisoFFtnt, **fca»rF*3i*fi£ 
-r. 

[oo7 2] ^©a©«»«siHi»-rs&«)»c. 5*-f 5? 

^>>I^^Jf->7.xA (DS I) Ti<fttinTt^^ 

toifl)* r/\>y* • 2h-A\i ftai^«rc©tefl3©fc»l;:« 
fflsnfc. r\>tf-*—r*mz* ±T#x.fc4t>©8«£ 

UfcflBffl8ailSt#^.S^t38«Tfr*. A>y* • A* 

sn§. (fifttfas-r***, s 

A>y* • A • 7U-A • OK 'J 

■fey hSn?.. 
[0 0 7 3] ^{iW#«tf^T©il9f£ffl-f£o 

9 9 9 8 OttXfltftTttSTS. A*#J»*l*©*#S 

^tfSfr (refreshed) ) StU -t©ttJ&»SWK*»fctt 

tf, JttS^fcfcLTttfliSn*. S71/-Al*l©A* 
W^«*Otf— #©A#Sj&«f«3L/€rH©5 0 %cfc D A 
BP«l:a7U-A^f^i:tStl>. Art*** 
«*© bf— 57 © A# S jW9 b * v»© 2 % «fc 0 /J\S l» 

myu-A&^mMizimptftmv. /\>y-* 

—>r\mM\zWkteZ>« tf— y'©A^£:^ i Pi3L#v>©2 
U 87l/-/»Si«W5&»lC. ^C©3t30K»««ff 
[0 0 7 4] A©«jgig— y-y:/- 

^wnzv-r&frtfi* o. 5±o*s^6H 

U— Att*J*££ft-r*. *y7lW, 0. 5 J; DA 

*<fcn&6tf, A*«^o«tiMb$nfcaQffiH»» 

0. 4 «fcDA#t^<i:5frS:aSP<5. 
tf. l7l/-A^ttSTI>. A#<fc^fc&, * 
z>\zMu • #ny->>y* • V— b&O. 4 «k0A€f«r^ 

TS„ 3 ^CDKUCDtJf WcbttS —PS 
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[0 0 7 5] £0J£tt&fBJ»:7U-Attffi»tt*:b«>T 
«fc<fls«rr-S. Hffl-h, ft&©8kbps LD-CELP 

U-At&mggtf, gdfi£*%'?e«<5WDDSPftl$ 

[0 0 7 6] 0 5 fc*lrVT\ I7l/-A^ttg$ 
£T©«tJI:/ny*#jE*l;:ft«rr*. -7j. 

<t) ©i 6#a^ku^;wHMbm*tUTjfflRsn 

T^T© 3 tf y y^W^ y -ftfMu tc-fe 7h^n5. 

s. ) m3iz, m 5 ©t¥^©»mjw— y^©^* u 

OttCUty HStlS. £4fc, fcfyy^BU^EU^-fcf 
nKUtyhSftS. inAT, l7l/-AA^7l"- 

^>o ±T©;in£©£aetf, t>t 
■o <D%Fmwft *>mzfc&z> <D*umt -s fc«> ic t s n 

• 17- £B&<©fc:«£oTV><5. 

[0077] tf -y ^mmoy u=AJHgfflg£lfc 

If y ^« XUffl © 7 U-A ffcT;U^ U X*A 

«7J^tt4 f7h- tf y ^Mffi*?<bSi 5 2 0 5 © 

A*^Jt«g§5 6 0tc«^Ta (ffi©A*tt, 5 OS* 
(C^ffSLfeey^ 1 • A'-f TXSr«*&T-5A*-fT^ai5 5 
5A»SX5) «3ffiS3H5 6 5tA**3>/tU— ^5 5 
0 3ft»65WtD, -e©ffl7j£;iJng#g5 4 
gipfijf#0. 9 6©T>^Sr^ty. *P#§§. 5 4 5^© 
M©A?3fe. AM77i5 5 5*^A5„ iP»§§, 5 4 
5©m7atf?^J6®m. 5 2 5tC#t^$n. ^fe*P^gg. 

5 7 otcM^n-So mms. 5 7 oTWWs^-y 

©Jt*SsS5 7 5^6©«-^i^SSn, SMS^5 6 5 
(DAjjiiU&o miZTKLfzJ:?^ A&mm, 5 2 5IJ 
4 f y h • fcfy^JBJHa^bai^OA^Sttiie-r 

[0 0 7 8] 4 fy h • l£y9 l «MH t fla§, 5 2 0 
tf, S-rw;i/-^ey^«ttm§g, 5 15(CJ;^T^ 
fig^ tf y y^MW P J&» S . 5tL*^» nfe^ffli] tf y 
r&«i;*. id = p-rft 6£DA, S^c«-6J: 
O/hiftStf. MT{bgg©4 0©ttJ73U^;k -20, - 
6. +6, +2 OWtfW^cHCflifcifi^— OtCiSlSfi^ 
ffcSft*. C©^r-XT'tf, ilCMi^fcfc 5 7 U- A 




6T. Sfc*cV»t*?ft«03Wt^©iit£&«i»rs 

5 2 1 camstltHS. MdOMTIbffi^qtr^) 
t, fffftlfyfHWtt. P=r + q<h&S„ ^©if 

ft tf ^mm pit, 3 tf -y y -jow^--?^ 

tO 0 7 9] — d#-6~+6MK:&*tfi, 4f-y 

«, T«{t«. 5 2 2icsa«sn. mv--7mm\zv i ? 

mitm 5 ©:7a -^530 ©»fP*&~Ffc:ii*r. ccd 
:/Dy^©2o©ffi;ft©ft©£*-£S#^\ BUt-— 7^31 

[0 0 8 0] H5©7U— AnBOfcry^WfTOUaKfc 

fenswMJi'-^tc^^TJ&iTfc^r. ^A9tii> 

d©^IC«2t?coaS^*-2). (1) 5 OS* If y 
^ • AM 7*J&«3iffl ( 2 ) TO8«*A«£A,&*-T? 

[0081] m5iz^Tmzmm-?z>. »^ttf-y^ 
m^itmtm 5 ir^r «t 5 q = p - r t. bxf# s 

n&„ q£, p &m\?.y^mm<DnWi'bWu$M) \zUa 

i©s»'hMffl^#&n5. z-i t%tfrtfzmM=L- 

7K 5 6 5(1 5 5(C<toT#t^^tlS5 0^ 

'h«^i«7c tf y s ©k kws&t* *. n *> 
nsiHffR, 0. 9 4icj:oT»i;&n, toisat 
5 o^#©tr y? • AWTXj5tjnx.e.n> ^a/hits^ 

MtyfHI. pa«#6n«. £©ptt, 1*52 51' 

r t& 0 , cnTJsajp-y^^rs. 

[0 0 8 2] 5 0f*hTyf • /X-f 7X©a*2£, Jo*** 

sswDfa^-T'fcaTtr^cttcagsnfcv^ u-y 

y^*Jl/ • X7-3&*©»*SS§«>* 

a*, ^wtfy^jajH©. Mfyu-^^y^mmiKD 
t»j^r-5c 

[0 0 8 3] *H£tt©J*T, Sfcfr^U-A 1 0 Og 
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V— A©tJ^T&*£ifinLT^§i:ai5rrs. *>L5 

Kyfflffltt. r = p= 1 0 0X0. 9 4 = 9 4, 71/ 
-AWOIiyflWmii?-!! d = p - r = 1 0 1 
-9 4 = 7, d«6£rj@x.Tt^3©T, q = 

6, K^pftsn, B^ttfy^ji8!«, p=9 4+6 
= 100. tfeo#an. i o i tiiM&otni.. n 

h»^-ft§l©tB^l/^;^+6{C#t>oT+2 0fC/«C-5 

i o om*<Dm?4t\±y3 L mm&¥&<kLtimz>t: 

^ofc=t -5 C. tf y ^«^{k*^A*«^©jl^ tf y 
[0 0 8 4] ^gfl 5 OH^tfy^- • /U TX&m-o 

tzM&^z.*. (fisbtz) ^mvyf-mmz* r = P = 

50+ (100-50) X0. 94 = 97, 7U— AW 
©tfy^JU3J?-ffliJXy-«, d=l 0 1-9 7 = 4, i 

[0 0 8 5] C©Mi>&B56tfyf • ;H7X*51Sl 
V>©«, Hare**. V-*-iSmm*&l£K>'}^^ 

[0 0 8 6] fcfy?- • A*< 7X©*>3 — 0©m£«> tf 

y ^«WS^b^^^«B«©5fe«© tf ? ^mmcDM. ■ 

m&wtMz*. oa-^A^Kiiser* c t * ^fcrs c t 
t»*^)o &pmm<D!fcm.-c\i y^mm&9 om 

*<hL, bf • (r^*.tfy^0^S 

Ba$S) t«. i6fier^>©(3 6 7i/— A^sr-5©«:*f 

t, 5 0^*tfy^ • A*-TTXT?«jiirr-5©tt2 7U 

-Ai:t^^. (t^b^;p+2 0ijJ. 2(hi^s?$ 
n^cttccts) 

[0 0 8 7] -y^g.'I§§©^ -y Z^ffl2kr22lg£fc 
4 t*y h • tyfaWIfft* 5 2 0^, • 

Tvzf-^— Kj ©*-&, ^©S^bW^©*© l 
^©{JB^jfc^sx-f y^tt. ±©6:H(c 

^$n^o c©«-&, e y ?-m^©P3B« ^ ntUif? 
^nr, «Ffl:anfctry^«jiip3&». 3t7ff« 

©^•y^lB^-^VQ (A^ N«f ft) {C^o^Tit 

t^ffiffl $ . tf y ^^zi'jgi^ ;p»^ft§§ 

T«, 3 tf v ^Mm* y -f&mirit b, $ 6 (C 3 2 £ 
fc«6 4©Bf«*Wr*VQ3-|«yyir*fflV»T-tn 

*n 5 £fcw 6t*7h tc«F^t;r^»„ 

[0 0 8 8] {■©iift'Ci? hJHKMbSffSaSttfc 

iLT3^©5'77 , ©¥^2iii'(MSE) €rfflt^T 

30©^yy**it^d7 h^M^brSCtJCtD, 3 

0©^yy©^M©ajg*-&Sr«^»Cfh^r-5. 

b. ftillW^BWtt. 3o©^7y©MSEgMl'h 



(15) 
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«c e l p«F^flaae^*o«flcfl9saflE*tiefc* 

/MbSn*. ift«5W6:IR»OMSE»*PfcJt«bT. E 
©*!te6*f , tt#W&flSffiSC E L P«F9flS38t>»^S 

i = l 

Tabs. 

[0 0 9 0] 7\s-AO±Z2&m*LmtttTZ>Zi, 

i = l 

z\z\x% LjfcTcojrij^^ h;ps» 
[*6] 

r- If(l) . f(2) f(L)] T 



l*>u z\(Di)um-$ntzmmx.*)i<jf-mm\z£. 

S. OTIC^HT, 8 kbpsfMSCELPf^ggTffi 
[0 0 8 9] bjp b j2 . *«fctXbj3Sfcry^ • 

[&4] 



(2) 



^Mc^JSTS. d (k) $LPC7^)^Oig 
(gp-£> tfy^-&fig7^;i/^-.com^) ©k#B©«* 

[&5] 



i) 



[&7] 



i=l 



(4) 



d; = [d(l-p+2-i) , d(2-p+2-i) , 

[0 0 9 1] SMrt^it. ^yT-fflMptfyU—AC) 

dj (dj«. ^nz^xx^x-nihrc^^ h)itmc 

>T7^XkMtM»d (k) ©<p©Sg^£JfO 
£<hT&-5„ ^n«S!ftcD:7l/-A<£>igo#>© 
d (k) «**<8Mld:-r*. LA>U itlf,fflg*H 

«OCELP (t^H-^ y 7°<D tf y ^Sfl 

^(Dm^-zfrn^tizhmm^mm*^^. z\omm 

r«S. flHMagKMf* I EEEI^I (IE 

EE Int. Con f. Acoust. , Speech, Signal Processing) j 
£=M (1 9 8 8¥4fl) <DW. B. £"J— v> (Kleij 



... d(L-p + 2-i) ] T (5) 

n) , D. J. ^7^->>X^ (Krasinski) , &J:t>*R. 
H. ^rh^-V-A (Ketchura) \Z£.2> rsELPtC*3tt-5 

afeAan&*^sK*«ktraai*w^^ YMtf^k (impr 

oved speech quality and efficient vector qnantizat 
ion in SELP) j Kffifg£ftT^5. S^WKtt, ml© 
^k-AK&ttSd (k) ©««©pfflO^*Sil«8W 

ic^oig-r^tiCctD. m&nyu-AizttLTd 

(k) ->-^r>X^JtS$ns. fcfcU pttKyffl 

[0092] mamt£CELP&*{t(Diemiimmz> 

^ta^nx, ^*W(cjD«$nfe : i : ^7i/-A^e.jp 
«*n&LPC7>r;^<oifDA*««r*«'rs. mm 

m (k) tt, i£y^Mm?y7°<Dm)l-7°m?i\:(D 



[»8] 



t = [ t(l) , t(2) t(L) ] 



[0 0 9 3] mgt&iBtl>1tLPC'5lgL7>()],*&£Zm 

CD^WWXlSfSh (n) tT&o i^j©«-^«h 
ij = h(i-j), KjCi^JhipOlCiot^ 

x.^ni>i jSBojsjc^s^rrsLxLcoT^aAff^j 

,2 ^ 



(16) 4$M¥7-50586 
[|5c9] 



Dj = ||t - Hf|l 2 = t|t - HXbjidiN 2 = llt-^SbjiCHd,)! 



i=i 

fetch. ffiJ§-W h)Va\ZMU r || a || 2 j 

tt, ^l— y F^y;i'AC0 2m^-r, SP^aCOx^ 

c 5 = Hdj 

iJfcSSU ioS (6) c*»t*qi*swr*t, 

°j-nt- zb J|Ci i|2 = „ t „2 _ 



i=l 

? h;i/i?;j5£) . 

CO 0 9 4] uCt, 
CISC 1 0] 

mm 



(7) 



2tT £b ji c i + ll^bjiCill 2 



E - lltll 2 , 
♦i = t T Ci , 



(11) 
C12) 



(6) 



(8) 



(9) 



(10) 



Vim = 



(13) 



St (10) »c;fe»**il8#n8;£JiS8BU *v3*<H<Z»g£*t [§&12] 
^T£<h. « (10) ta^©«k3K*<^t*«T*S. 



# 



(17) 



Dj = E - B/C , (14) 

WCL, 

Bj — [ 2bji , 2bj2 , 2bj3 , — 2bjj bj2 , 

-2b j2 b j3 . -2b j3 bj, , -b?, , -b? 2 . -bj 3 l 

C = [ <»i , <|>2 . $3 . Yl2 . ¥23 . V31 . Yll . Y22 . ¥33*] T 
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05") 
(16) 



[0 0 9 5] BS'?* h^CDX^JMS-JSEttn-F:/ 

mi 3i 

BjC 

©8 kbpsig«®CELP^§gTtt, 3 tf -y 

y -/(Dm^iUz 5 6 © tf y h ^fiSfflT^OD 

©MH-h, 6 f7 hO^-HT'-^M^nSfeOi 
[0 0 9 6] COn— K^y^K^tSlfy^Sltg^ 



6 4©|Htt$nfc^^ b;|,Bj£CD6 4 0|*li*iti- 



^©F^S^*.*^ H;i/Bj*j5»t!Hr^$n 
5. -?-LT, Z\<D1? h-;PBj*©«ii]]CD3-3<Z)S^t 
0. 5**r*£i:fc:J:oT. SOOS^fcSftfc^ffliJ 
Sg^-y^#e.n-&. 1 ACTtfC, 6fcf-yb©-f 
>T7?7j ttiTJtf-y h • X h U-A • 

vw\zmnnz>. 

[0097] mtE<Dyu—AHfl^yu—A-vmm\z 

If y ^ «ll * ^ t »± S •& * C 4: sWT * S «t 3 c . 
tf. y ^ . ^ y7 *vQ3- Y-?vV\z¥.u • n— h 
J^jfALTJS. ^©ft&©3 1 £fc«6 3©hf-y^ • 



I EEE^i (IEEE Trans. Comm., Comm. 28) p. 84-p. 
95 (1 9 8 0^1^) ©Y. U >x (Linde) , A. 
>/ (Buso) „ &cktfR. M. ^U--< (Gray) \z£.Z> 1"^ 
* N^a^t^thCDfc^CDT^rfUX'A (An algorit 
hm for vector quantizer design) J fCfcl^Titt^^ft 

i*5rcn-f 7xffltcts:5t Lm-rmreu < . -r^x-tf 

o£ 0 , 3 O© bf >y ^ • 37 -y ^J&Jf^T-tfn iC 
ftoT. 4fcf-y h<D¥y^mM-( >y"y 
5££«6 t:>y KOtyf -^y^"f > 
X -y £ X OPISS^ 7 U— A 2r^T fcCiL Tfgffl 

bf -y h © tf >y ?Mi-f >x -y 37 J:DC 5 Sfctt 6 tf >y 
YtoMy^ ■ 9v? • -f >x-y ^XOffiTj^*. Sft©7 

T, Ifi®7l/- A^r^^©fe©Ta5-l)i:fi:Wrs 0 

CtlCJxO, ^7^Ait^©t)Ott^l 

[0 0 9 8] CtlST. HI5(r*5ViT r3t3©fcf>y^- 

^77"©ffljir-7"vQ (^i'hJUt^b) j tiasnfc 
© hf >y ^jHo^jwmi** 6 a*^js^^.^# $ -e* ^ 
m<D^mmm<D^^6^\zm^f)\ tnwTt 

I^lf7flI^lTtl.t^31M^t)oTlf7 

4 f-y h • Ifyfl^tSOInACftSX'f -y^5 2 3 

Tfc«)(cT©{iS5 2 2 tc&Bftfe^n-S. 

[0 0 9 9] SffiWKWAtf, ^ffi©^tC, tf-y^*^ 
<ft§§©l 3©U^;U (-6t5^6^T) <h 3^77°VQ 
3-F^-y37©3 2Sfctt6 4©3— H^t©nJ 




w^awjsaE^twwaEKStt, lesraaisjfiKftiis .■ 

T*S tot. HJftWlB*ja:^»0^ffi* 

[0 10 0] #WK©jSfflfcLTl!efflL»*«fc3fc2rte- 
©fg 1 ©*MWCft, ft*© *y7©fcTy^|| 

so^^btc^o cELP«HWtpm:*ttftfl!i> 
MI^p'TSofcttst. 3o©sij*©BUU-Xif 

tfp*+l (d9B. [r-6, r + 6] fcV>5«?flSg 
©HHWIEKJ:*) fc^TfrtKhS. £©;£ffift. ft 
J6T JSS H £ y ^WPJffcW* e>ft5A5, ffl & fc J: ^ T ft 

coioi] tf-^±©«$s$^ / >^<-r«.m2co»*b 

ft, p_-2. p_-l, p_. p_+l, *5it>*p_+2 
[r-6, r + 6] ©ffiH$iJ©tC«E5) T&o 

ACioTftSnfcty^HMTftrjfc. ^tlft« tf-y 

«?<b«©ttH*«< it (e^^«j«©<ji*i* i 3 
[0102] vvttm&<m.m 

{b77iSt~J:^T\ 7 k*-y r-©lf >y5fJU8*iJ:tf 5£fcft 

6 b*-y y<D\±v=i- ■ fyf&mTzmiBojsmiimzffl 

T5~6dB) SriiJ^-rsct^T^rfc. £<=>(;:. ffe^r 
j&MKUcPBVifc £ c 5 msifi*> ©5 1 * *;MK 
ft5ft©7 fcf-y b©tf •y5P»T'fbS§lJ:fcft# 
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ft, tf-y5F^«fiJ#fc^*;i/ • x^-lcSTf £&gg*> 

tt&H**. IO/J^^7U- A • -tJ-f XlCJcO, ~©hp 
*5ft. £k'-y hl^-h©l OTiSl 5%nm (7 5 0- 
1 2 0 0 bps) tCffiMS-r-S. utlf.CD3tyl>4ig 
n- h;u©^^btc#J0^TfcttTftW^t;^n 

[0 10 3] fi]Wg>a»K 

mmmmfou mt . 1 6 k b P s{g«j£ celptj^ 

^ffltcPTS I EEE«^ij p. 181-p. 184 
(1 9 9 0¥4fl) ©J. H. (Chen) tCek£ 

r— 7j|S]©jgjffi# 2ms SkftDMAn 1 6 kbps&iSM 
CELP^fSF-Jf-fb (High-quality 16 kbil/s low-del 
ay CELP speech coding with a one-way delay less th 
an 2ms) J #88. JSngfiJffft. »«*JfWg«T»tfs£-a- 

fci o^nugfMSfci^m&ijsfcans. -©1 
ussnfcue^^ r-;u©fifr©*n?cfi]#ic*fL«7jjg^ 
[0104] ag&glb 

*©s i ic -7 1/— a • imx, mm-*? h;u©^7c< 

&5^t*56WOHliiWcJ:*8 kbpsfiiffiSCELP 
ft^Ss© 2 0©A*— >?3 >&£.Zt6. 4kbps<£a5£C 
ELP (RT, TLD-CELPj tfET) 
"To 7 1/- A • -*J--f X# 2 0 8 k bpsli£©ft^gg 

ft, AICIO©®)®^^ h;l/£iK^LT^£„ 

-7J. 3 2^*/7l/-A©«F^g§tt, S-7U-A1C2 
0©a®^^7 h;l/^rJtO„ 6. 4 kbps©LD-CELP 
ft^Ssft, ¥C 3 21*/7 l/-A©JWS®7 
• ■*MX*«fctf"<£ h;i/©#7c£;*:#< U ^-©ffittT 

n- K X-y ^ 1C 7 e -y h, 3i«3- F rfy Z> \Z 3 t* -y 
h, tl/Tflffi: 1 k*-y h*ffifflT2.<» 
[Hi] 



(19) 
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t'-y hj&g 


8kb/s 


8kb/s 


6.4 kb/s 


"71^ — A ■ +MX (ms ) 


2.5 


4 


5 




20 


32 


40 




20 


16 


20 




1 


2 


2 




4 


4 


4 


. ^ ...-7* / L \ 


5 


6 


6 


D@?5r^ <t'-y M 


1 


1x2 


1 x2 


®^5i« (t'-yh) 


3 


3x2 


3x2 


®£gff2f£ ( t*-y h ) 


7 


7x2 


7x2 




20 


32 


32 



[0105] z.nzvnmmr'mmT&m&^-F^y 

^U^<Dmmid<kU^mt, 1 6 kbpsLD-CELP 
©3-K77^Sft IzmftgcU Z> . 8 k bps (Djjtf^ 

6 kbpsLD-DELP^ffiTttfflanfc'brotlRlCn 
^Rtt. *-©8 0nsCAT&T DSP3 2 

[0 106] 8 kbpsil 6 kbpsOLD-CELPflF^ 
£-5,, ill:, tfi*t$*6MT-2>fcfe{c«. 16kbps 
T^ctO, 8 kbpsTJB#^LT;pJ#£^-5«fc5lcJfflK 



«Hfl2-rs**^*ij-e**. m,2\z. i6kb P s©^ 

- (B#<t LT, ra — p^yir • X.*)U#— J iD?«n 
Sili^&S) SrttlCfh^-rSOfr^fb, 8kbps©^ 

[0 10 7] aen-h-^.yjy«P«3g^MB 
H*l 4] 



• 



(20) 



x(n) = t - £bj-jCj 
i=i 



(17) 



[0108] fcfc'L, z.<D^,<D^m<Dmmt, t^Ti 
*®fiB*^^h;ux (n) 

[0 10 9] 2 0^*/7l/— ^fig©8 kbpsLD-C 

m^b)Ux (n) *B»«ffl-r*ct*«T?#s. 

aea*^^ KJKofHStt. s^caiicss. £©* 
srsc d7) &m^T®msi&7u-&&mn-? 
z>. -r*t..fiioaiBB*^h;i/tt. »igB«:7u 

-/»<0»rt?r-5«»t«*»K:<?Ll». l^u !£2© 

t€r, afi^Mui^eas^h;!' (n-i> ©fc 

tt, HnasnfcLPC7w;^©8B*©«»s«-iKTs 

D = ||x(n) - He (n)|| 2 = o 2 (n)||x(n) 
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fttftsiic. n#Boafi^^ h;hcj»t*««o 

h;|/£^T©£SB^x (n) Sft^tLTffiffi 
[0 110] 7 tfy bMW.U-Fzfy9\Z%ittZ> j #B 

©n-K^ h;i/£ yj £U m-xmmmfottizj:-? 

TMSM»JiSo (n) <h-r^. 3t*-;/h©§£ 
Sn-Ky'y^*5<t^lo©|f^t:'-> hSiia*^b-& 
T, (IE^©M?iJf#tcMTS) 4t*-yh© rpj#3-H 

Kyy*C*W* i#B©*iJf#W^>l'£g i <!:T3. fib 
S^-^y^-'f^vfXO^ (i. j) 

zmmm&zntcm&^rbfre <n) «. ^©=to(c 
mi 5] 

e (n) = aCiOgiyj (18) 

[oiii] -r>^r^x©# (i, j) \zMfo-rz>& 

[»16] 



(19) 



x(n) = x(n)/a(n) <i. W»IE«fl:Lrt:»iBVQ WUT';5&. 



©il#(c J; -o X &st> <b tlfz&m&Sm (subd i agona 1 s) 

V>-5„ ^©fT^M, ^tSRxLTItt<KxK 
T**j**l*<i:, »»9 3 0Hff9iJt^<Ri;«SC-C 



c55. Kit. ffl&H? h;U©^7C (K^L, 

^L/K=IE©»&) T^So S(19) ©«*SWr 

[» 1 7 ] 



D = a 2 (n) 



[||x(n)|| 2 -2 gi x T (n)Hyj + ghlHyjIl 2 ] 



(20) 



[0 1 1 2] 3^11 x' (n) \\ 2 &£ZSo 2 (n) ©«te 5CtB. ^©SSrft/h^TS EtKHJFUH. 

D = - 2g i p T (n)y j + g 2 Ej , (21) 



p(n) = H T x(n) , 



(22) 



EjllHyjH 2 



(23) 




(21) 



[0 113] Ej«, mmzfoi msaty * )\,?9BMi£- 
^*h;i/x" (n) izit^WVU^Z-^z^M^WT 

Ho^LPC^^j^^jz^wa^-f (cine. 

AtC^coTB^^nTV^. ffiot, &7U- AC1 

l5DtCl 2 8©-5J^X^;^-3SEj (j=0, 

1 12 7) SWUxTlMfll/T**, £n& 

D - - 2 gi Pj + g?Ej . 

[0 115] 1 6 kbpsLD-CELP<Dn-h*y^^7 
«ST(J, (2 5) ©D'^*/hlc-r^-f y^y?* 

frU 8 kbpsW^»©fiJ»3—F:/y 1 6 

kbpstt*»©*ft© 2 ^-©=k 

£ h;p£»U *i:H»:l^fc»«3-F'Ci' HJHc 
#LT«j!l©fiJt#l^;P£ft£T££<h{c£oT. «$8 

T$5„ m uO^SIJ. fi©&£/^<!£©il?i?©i»:£ 




Xtt, Pj 2 /Ej*«^:K-r*-f >5*y^X*^.t?»j-* 
fcS&O-f >x y ^ X j Ztl&ii, 4\dyh fU?# 

3- * tffl ^T«*w» g j **mzmF?itrz> z. 

SUttfTSS. fiJt#©»^fc«. Ma-h'^i'ffl 
— K, »&©fl2tt3— F:7y^ • -i >T7^^ 

[0116] 12 8 m<ny << ju^«iasn& (ip*.. * 

❖jA^nfc) 3— F^? hJUHyj (j=0, 1, 

2, . . . , 127) ^T^TIeJDrL— $MJ y KSjyji, 
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©x^;^— JK^r^-co^u-— A©-r^nr©^ hMzm 

[0 114] #©«fc 3 
[*1 9] 

Pj = P T (n)yj , (24) 

D"©iC«> ££fc#©J;?KfMI<tT&£<h7&n?# 

[»2 0] 

(25) 

fafcsfcfcfcazittf-cssiifijrra (IP*.. 
0k 2 i] 

3D/3gi = 0 

Ok 2 2] 

*« " 17 ' (26) 

£LT»5££j&*T#«. SC (2 5) fC&^T g j = g j 
[*2 3] 

(27) 



z.cD&mzjtiTzffimtz&mt. 1 2 8©H«^nfcy 

tt«tt). j&jfc-r* tot, igftn 

— WviraMRr- zfmmomz, 3— f^ h^©£ 

fig© g tLo&itnmm 

[0 117] «£*OCELP«F^SK:*lriTii»W*jg 

{b©7Ji£-t?ttft < Jil#«gfb©7i?££ffl t, dbSfiJ 

6 kbpsLD-CELPtCfel^T. 2 t'7 h©3ll3- 

«fct^J»©«»W«a*t#*SKiKfiT*S. -75. 8 
k bps L D - C E L PfSMfggTte. f iJttWS^tC*^ 
T-i©«m5 3H7 F:7-.y*K: 



[0118] j-h-^y^ • x^ji/^— (omm 

= 0, 1, 2, . . . , 12 7i;*ft2>X^M-Ej 
©§r«»l9§"r-&. E j ©fiSHTHSfctt, fi^J<h^;7 h 
;p(7)*#Hyj. *3cttKc:n{C^<-?-©^C9K^7C^ 
^7 HP©I*JMF-frJW«#-5. 1 2 sisr^TWEj 
«Ki^&*85»*©«»tt, 1 2 8 x [K (K+ 1) 
/2+K] T**. «£oT, ttJILkoatttStt. Klig^ 

[0 119] 1 6 kbpsLD-CELP^STtt. ^ 

U 8kbps£JLT©LD-CELP^SiTtt, 
laSflHS©"** h;^7c«, 16 OSl &#!B) Tab 
5. uffii^M^ bJVATt&m-n. a-K^7^-x 

^^m 2 — ©IfiflStHS^tT?. AT&T©DSP32Cf 
y •f±X'^m-t « 4 . 8 S"7jlft4r (M I P 
S) «W«*J:l«l[-iMSK*lt*=i— K^y 

n s ©DS P 3 2 CTiftJfflT#3 1 2. 5MIPS^i 

[0 12 0] CELPWF^fb©^fcf'*tiT, 3— K 

$fl^*gM-r«)^<. t><O3^0E)HEtt3WBIE*nT* 

V, fiffilCHTS I EEE^i (IEEE Tran 

s. Acoust. , Speech. Signal Processing) J ASSP-38(8) 
p. 1330-p. 1342 (1 9 9 0^8^) ©W. B. ^U— V 
> (Kleijn) , D. J . ^^->>X^ (Krasinski) . 
*3J:Z>*R. H. ^rh^A (Ketchum) \Z&.Z> fCEL 
P&jZnmkTfr^VX&tolZttXD&mttm (Fast ra 
ethod for the CELP speech coding algorithm) j ififo 

Ej = IIHyjH 2 = n 0 v j0 + 2 K 2;V 

i=l 



(22) #H§sp7-50586 
»&#!ffiKtt?rr-5t>©T»S. LD-CELP©S^ 

K®.&(D7)Vzi U X A ct o Tttii *ft* 

ia*f*fcf«cv>ta:3aa^6. -tnso^rffitt, ld- 

CELPIC«Bje,75>(C^jg^Tfe-g>. (aSc&STSC: 

fcT*5««. a*a*LPc^aHBJ4, &mmttmt\z 

I >T \tmn<D CELP WF^#©*fcfrj8lfc L P C ^ifflgg « 

LD-CELPJ5«Sfl)ifl£Wft 
ttCi^T, j5Ktt&£nfc3-K:7V^&£i$£ 
&D»*. ) 

[0 12 1] WiftftStlTViAVia-K^y^KfiJfflBl 

fifffllCHTS I EEEffl^ll (IEEE Int.Conf.Ac 
oust. .Speech. Signal Processing) J ^$gp. 2375-p. 23 
79 (1 9 8 6^) ©I. M. h7>^7 (Trancoso) & 

cttfB. s. 7^ (Atao \z£% rmm&>vmmiz& 

ficient procedures for finding the optimum innovat 
ion in stochastic coders) J IzM^M^tlX^^S^M 

mm-cfoo, zwumz. &gft*^u 

[0 12 2] eiogatSMfett, *©J;pl;ffflt5 ( 
•7 4 fr&OM yJVVKJ&mis—'rZ'T* {h (k) } it. 

I*©c e l p«W8i:»i/T*fti«i:t5. ) IB 
o«fc5»cflB£-r*t, x^;i/^-JSEj«, &.<D£.o\z 

[1*2 4] 



iVji 



= Ei 



(28) 



fetch, tfjtt, -i>/VVXJ&&-*9 h)l> [h (0) , 
h (1) h (K-l) ] T 0iSS®esfflii 

[»2 5] 

Mi = £ h(k)h(k+i) . (29) 
k=0 

Vjjti. j #S©J£#:3- h;l/ yj © i #S©g 

Vj = [ v j0 , 2vji , 2v j2 , .... 2v JiK _i ]* 



QBMtR*T*f5. 
[»2 6] 

vji = K X~VjWyj(k+i) 

k=0 



(30) 



ICi^T^m^nSo fcfcU yj (k) tt. yj©k# 
B©J«»T»*. {Jot, 1 2 8{@©K^:7C^^ 
[»2 7] 

, j = 0 , 1 , 2, .... 127 , (31) 



(23) 
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fit, £t*K (K+l) /2m<DmW&m^T. K'Atc^ [t2 8] 



(32) 



*mmv. friz. i 



2 8 xK|sI©*^^ffl^T, 128 [t2 9] 

Ej = m T vj , j = 0 , 1 , 2 , .... 127 



(33) 



LLTWrWTZZ. Z\<Dj}mz&tfZ>mW<D 
&m$. Mfrl 2 8 [K + K (K+l) /2 5 6] 

l§E©«£(c2:fcMT$>£(mc*fL) m%wtz>. z\n\z& 

0 ft«fit> 3 - F -f v 2 © * * U 2 «&Sfc: &-5-<fc 

1 2 sisrogefflp^ h;Pvj (j=o, l. . . ) 

[0 12 3] £©**U&B*©*ttbnfci. — Ag©8 kbp 
sL D - C E L PClSififilcte^TfiiffF^n?** *>©T& 
•5. tot, iOl&teSflJ^T, 3— H^y^«x*;p 
©fHKZ)|MI$*|g«OU'<;WT»S4. 8MIP 
Sfr£0. 6 1MIPS^iM'>$t5ut«5T^. 
£©;£ffi*5M3 Lfc«fit, ^ — CD AT&T DSP 3 2 

*>&-5o £©<fc3ft*£fi:fi3U a-F^y^«3SKR0 
sWgJLS pJHHfeW* 0 . 3FaW*:«»0»tt3 - F^£ 

©«F^b$nfc«^K, i$*Tfii&^a*ffrfi:$&fl:Ufc# 

mtmtiz. zwmmommiz. i*u6*fctt2ot 

^3^;? F;PCD^7CKT«, k#SKfirjfitt< t*fCh 
(k) Ata^-tfn^TMaf S(c«. T-^T©*^;:* 

[0 12 4] iCMBtSffltSfcftl:. 

-f >/X;^*«'>— ir>x*-T'<Tlftl»-r 

zztte^mfristoinu^iP, 1 2 8i@oa^$nfc 

JBttn-F'S* M/yj (j=0, 1. 2,..., 127) 
©#* KWr*BSRW«:aSlttBtJ5»lC?¥flErs— t£o 

o] 

Ej = IIHyjH 2 

K^tc^^ h;UHyjtt, 2t? 
©K^7C^i7 h^ yj i:h= [h (0) , h (1) , h 

(2) h (K-l) ] T '£©ra©a*&;w**©* 

ffl©Kffl©tB*«#T»S. «*i£*fitl!IilM£©«J*T 
*4j&>£>, Ej= II Hyj II 2 tmfr-t\Z. 



[IC3 1] 

Ej - IIYjhll 2 



(34) 



(m-n) iC^L<. m<n©<h#0fir^Ll^mn#@ 
©B**Wr*KxK©T¥3ftff5iJT**. £ftfci, 
h*«fctfl 2 8ffl©pJH£fc r-f wwxjgflr^ir h;Pj 
yj 0=0, 1, 2,. ...127) 

^octcfUK lot, eesitt (sc (2 8) © 

*fiZD fit. ^ h;no*|*)Dfclft35»oT/h*ft:^** 

£Sf&iaH££j«-r*. — 2r, F;i/©5fcS©ifi<fi: 
tfc««/hav>j5£#£WU if£fr0firfrfroT#*tc;*:# 

ttj&fte*rr * <fc 5 &y i ^ vm%. mm<D-i >/vi 

xjfcflr** hJHi**£3T*n» Sfir^&x*;^- 

ififla**i;s«ift35«**. ens© rra«*gc-rj =i 

-F^.HPfit, rjgflfefcj n-F^i7 h^i^-T^o 
3^&M9JU JEH^tHSlckoT, -tntc^jfi-rsx^ 

[0 12 5] feRttn— F^ hJI/*-t©fl&*»6K9J-r 
£fc*©jlW£Sip£:Jt^ Z. t. fit. §I)S:tt*Ttt 

^'fy/VPXfS^'X? FJUh©^firfe#T-575^7?S 
-5. *OjRW-W«c^rffifit«fflLT*f«|5^T»t>fc. X* 
;p^-ifi<HR26 (dB) fit, 
1*3 2] 



= 10 loglO . 



(35) 



&£H3n«. fcfcL, E'j&J^Ejfit. 5$ (2 8) 
[0 12 6] APRa-F^* M/yj#t£X.&*rrfr>S 

t-r*t. -tnK**«rax*;^-jfi<Hiss6Ajfii, 

-CELPHWftTtt ^^h;i/hfii. ^U-A^itC 

«*WB3S»a*©J:3K:nMffi3n*. 8kbpsLD-CE 
LP«F^«*fflt>T##lc**a:*^r7r-f;i«' (tt^ffl 
©*^r) fttaF^flsU, ItHCiMITAj (j=0, 1, 
2,..., 12 7) ^^7U-A(C*tLTfff-^L. 




j Jd^b^U-A^fC^fcoTAjiii^Aj 2 (n) 

£{R;£U $e.(CAj (n) *n#i07l/-AI:<bS 
AjWffi^T^o -Tit. tfc&ffi©lfe&£flF*HbLfc« 

[»3 3] 

1 N i 
" n=l 

[0 12 7] A } <D¥i%&mm-V&2>£olZtti2>h. £ 

1 Offl-E [Aj] /\ 0**E*j(C*i;* (dtl 
tt, E"jOdB»^E [Aj] SSKCtCflat 

[0 12 8] 3f-^OAj*J/hSH«IWHIg*Wrs« 
<h, *!4D**fc¥iaJtS«Rt6*«»Sn*. Sol, 

K-l 

Ej = MoVjo + 2 £ Hj\ 
1=1 

3. E"j©Jt^«©«0*^IEL, fM*WfcX*;MS- 

Ej =E j ( 10 - E ^ 10 ] 

[*3 7] 

© 1 2 8 -M<@©JS«. ^J&ttJfU T-^HCEHL 
[0 13 1] 1 2 8©3-F^f • iMXldttbTM 

iSHTtt. M=16. -IMX©!/ 
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E l*j] = TT E Aj(n) , (36) 

[&3 4] 
[e[Aj]] 2 (37) 

[0 12 9] Zin6©fiR)6;3-K^ hJP#*&££ft 

rt««asbii. dn^fTPfc*fc, Aj©^ipMMt- 

3fitJ*. *oAj©«i|MBI6*«-f >xy^^ j ©fiiJQi: 

t. y-h (&m &ft?o AjO^ffit. tsj&tcM 

^#A5. 06i5j;tf 7«, • a£^#A©«©Aj 
[0 13 0] H6*«ktX7*»&»j6»*J;5»C» 3-KX 

;i/fC??tT2>IEflt^X^;U^-tf-^EOT^ff £ 

1. $t3 0£fflV>T. j=0, 1, 2 MIC*fT?> 

Ej©IE5i&tt£ff-^f 

2. «rtS«Dh7>3V*«t«7^;i/©aBfflHfe*ffl^» 
T. X^JU^- 

[*SC3 5] 



ji forj = M+l,M+2, ...,127. 

[&36] 
forj=M+l,M+2, ...,127. 

[0 13 2] WJC±©M«l$i:lr»5jSWCfe^T. MW<D 
1 6f@© Ofeftfc) 3— F^* h;u©iE«&&x*;p=£- 
ff-JUctt. HUWfc^jO. 6MiPS*Bn«t. 

&Tte, ^HEWtC^ 0 . 5 7MIPS^gf5. £©£ 
a - K^y^©x^;i/^-W-#©^W^c«$8$ 
*<50©4. 8MIPS4>61. 17MIPSSTM 
'> b — 1 / 4 ©SS/hT & & . 



CO 1 3 3] ffift&<DX*)l¥—mWJ3}£<Dl-0<Dffl& 
HU DSPOV7NOx7i^7ilCDSP^Dt 
yV<Dmi%r8fti£ntzW&-oT^Z>fr\Z£-oTM$: 1 0 
£12 8 £ CD|1fl<D£;i»CT 5 j£ 

«, M=l 6tl»5IM(Mt*aiRLTt). SW^TSUSS 

[0134] mmys)i<* 

^^e*cDai:^i*ocELP^s§oJ;5(c, #5bhcdk 

HJffl <D-$mW \Z <fc £ 8 k bps L D - C E L P flF^Stt, 

m 4 \zm?& o \z^ff a n^mtb^fztbizmmy ■< 
*mm\zmmLT^2>. ufflM7^;^(i 

fuwawwatt, mz3\mi>rz^x.>*$£zM—: vb 70 
[0135] atsstion m^mz^-cMv^- 



(25) #M?7-50586 

UU-^tttU tf-y?M»75^ 1 

[0136] w,Am^ftfr%&.o\z, mmy-oi? 

[0 13 7] 3B3IBIT<Pgai5 
OT©!£2, 3, &£Zf4mzJ:0. |-O80ns© 
AT&T DSP 3 2 Cy°a-k-yV-&m^tc*mW(Dm 
fflZ&-?Xffi&2ntzmMW<i8 kbpsLD-CELP 

^lOWF^Stt. 3 2g*» (4ms) ©7U-A-*-f 

[0 13 8] ^CD^2«tt, H©HJfioyD-fey-y-«f|BJ 

[*2] 





(% DSP32C) 


ro/5A 

ROM 
(kA-f M 


7* — -9 
ROM 
(kv<-«f N) 


~r — 9 
RAM 
( k 'U b ) 


( k/U b ) 




80.1% 


8.44 


20.09 


6.77 


35.29 




12.4% 


3.34 


11.03 


3.49 


17.86 




92.5% 


10.50 


20.28 


10.12 


40.91 



£52« 8kb P s<SjiiECE LPWDSP 3 2C7D-b yiMRtfSJii itM^fc »J fflJfi 



[0 13 9] Z<Djgtm(Dtztt><DnM\Zf&ls, 
DS P 3 2 C©7 f n-tr-ytJ-B#r.a»8 0. 1 %&t2><D\Z 

*tu 12. 4xt*«w-e*». ±~mn 

*H8tt. 4 0. 9 1 k/H h 0 k«7-K) 

O^^US^Sfrs. HOScKtt. DSP32Cf7 
^±©1. 5 k"7— K©RAMt>^£tl3o 
SiJIBw^-aw^ggfei^WSglc^S^^^E ij ©£■ 

w-«ko*^o«t>. una, «F*»*J:r«i»»a*ra- 
©DSP 3 2 c^-y^Tiffisn^t^tu^ie.^ 

[0 14 0] SfS3^«, |»Bj(Dfc«6©8 kbpsLD-C 



(26) #H¥7-50586 

ELP«F^«©a&*as«-©w-Js««aia&^T. ^4 

tt, ««©«-&©& (lip-fe, tcfflST 

-zfWftmTitte. d s p 3 2 cro^p-t y-y-wpiujo 2 

[£3] 



ft ¥ 


No. of DSP32C 

4ms «ai r J 
O ft ^ *fc 


(80 ns) 


MIPS 


% DSP32C 


LPC 


4jft7<fJl<* 


Autocor. 


1537 


1 


0.38 


3.07 


Durbin 


481 




0.12 


0.96 




Autocor. 


1581 


1 


0.39 


3.16 


Durbin 


481 




0.12 


0.96 


mm 


Autocor. 


141 




0.035 


0.28 


Durbin 


481 




0.12 


0.96 




4672 




1.17 


9.34 


17— K7" -y 


2970 




1.49 


11.88 






11245 




2.81 


22.49 




4011 




1.00 


8.02 




562 




0.14 


1.12 




878 




0.22 


1.76 




8063 




2.02 


16.13 



»4] 
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i 



ft * 


No. of DSP32C 

ft ♦ 4& 


B* HI 
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